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The purpose of the following paper is to describe nervous struc- 
tures found within the sino-auricular node by the use of a vital stain 
of  methylene-blue.  Since  the  original  description  by  Keith  and 
Flack  (I)  in  19o7,  considerable interest has  attached to  the  sino- 
auricular node; and its normal histology, its  function, and' its con- 
dition  in  pathological hearts  have been  actively investigated.  As 
regards its function, the experimental evidence points strongly to it 
as the primum movens of the heart (2, 3, 4),  although a very few 
observers  apparently  are  not  inclined  to  accept  this  view  as  yet 
(5, 6, 7).  Its relation to certain clinical conditions, more especially 
to  auricular  fibrillation  (pulsus  irregularis  perpetuus),  is  being 
studied, but so far the reports on the hearts examined consist in the 
main of descriptions of the findings in and around the node without 
any assertion that the changes in the node account for the clinical 
condition. 
Pathological changes of the  intranodal  nervous  structures have 
not received much attention; indeed thus  far no one has described 
the  finer  nervo~s  elements  occurring  normally  within  the  node. 
In addition to the numerous studies of the general cardiac nervous 
system,  both  intra-  and  extracardiac,  which  have  extended over 
many years,  three  recent  important  contributions  to  the  nervous 
structures  of  the  auriculo-ventricular  system  have  been  made; 
namely, those of Wilson (8), De Witt  (9), and Engel (IO).  Wil- 
son was the first to demonstrate by means ,of a vital stain not only 
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the nerve fibers accompanying the bundle of His, but also ganglion 
cells of various types and a  rich  plexus  of nerve fibrils  intimately 
related  to  the  specialized  musculature  of  the  conducting  system. 
The  bundle  of  His  may  therefore  be  considered  anatomically  a 
neuromuscular structure.  As the region of the sino-auricular node 
is  now  considered  by  many  the  pace-maker  of  the  mammalian 
heart, we ,have thought it of importance to make a similar investiga- 
tion of its nervous elements. 
The  study described  in  the  present  paper  has  been  confined to 
this  narrow  specialized  structure,  the  sino-auricular  node,  and  its 
immediate  environment.  As  to  its  connection  with  extracardiac 
nerves Keith and Flack originally stated that the nerves supplying 
this  region are the vagus  and the sympathetic; and  in  191o  Flack 
(I I)  added  that  "at  this  spot  the vagus  and  sympathetic nerves, 
particularly the right nerves, exert their main effect upon the heart 
rhythm."  Argaud  (12)  found  that  the  nervous  supply  of  the 
sino-auricular region has  its  origin in  a  plexus  of  nerves situated 
at the root of the right coronary artery as it arises  from the aorta; 
incidentally we may mention that he considers this system a co6rdi- 
nating  mechanism connecting the beginning and  end  of  the heart 
beat.  The intimate relation of the sino-auricular node with the sub- 
epicardial nerves and ganglia overlying it was  particularly empha- 
sized by Keith and Flack and will be evident to anyone examining 
this  region; and in  the literature there is  even an occasional men- 
tion of a  nerve fiber or ganglion cell within the limits of the node 
(Koch  (I3),  and Schwartz  (I4)).  But no one thus  far has used 
a specialized nerve stain for the Keith-Flack node and consequently 
there has been no description whatever of nerve fibrils. 
For  the  demonstration  of  the  nerve  fibrils  and  ganglion  cells 
within the node we employed a  vital  stain  of methylene-blue, fol- 
lowing for the Keith-Flack node the same technique as Wilson  (15, 
16) applied to the bundle of His.  In the course of the work we also 
had  the  advantage  of  having  Dr.  Wilson  personally  demonstrate 
the procedure to us. 
In detail,  this method Was as  follows: 
(a)  With  a  double  knife  long  pieces,  not  more  than  I  mm.  thick,  were  cut 
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to  dissect  out  grossly  the  sino-auricular node  with  anything approaching  the 
certainty with which the auriculo-ventricular  bundle can be isolated. 
(b)  These pieces  were immersed in a very weak solution of methylene-blue; 
namely, the  methylene-blue "nach  Ehrlich"  prepared  by  Griibler.  The  pieces 
were  left  immersed,  epicardium  up,  in  this  dilute  methylene-blue  solution 
at 37  ° C. for about ten minutes (until they just became permeated with the dye). 
(c)  Next  the  specimens  were  passed  through  0.8  per  cent.  salt  solution 
at  37  ° C. 
(d)  The salt solution was poured off  except  for the moisture at the bottom 
of  the  dish and the tissue  (epicardium up)  was  a~rated  in the  oven at  37  ° C. 
Until the  nerve  elements  were  stained  blue,  microscopic  examination of  one 
piece  of  tissue  after  the  other  was  made.  The  appearance  of  the  methylene- 
blue in the nerve fibrils occurred  after  from  Io to 60  minutes' a~ration oi  the 
tissues employed. 
(e)  As soon as  the nerve elements were  stained, the  specimen was fixed in 
8  per  cent. ammonium molybdate. ' The large crystalline variety of  ammonium 
molybdate prepared  by  Merck  was  added  to  distilled water,  and  the  mixture 
heated, but not allowed to boil,  until the crystals were dissolved.  This solution 
was  put  into  the  ice  chest  before  dropping  the  stained  tissue  into  it.  The 
specimens were left over night in a large amount of the cold fixative. 
(f)  The following morning the objects were washed in ice cold running tap 
water  for  half  an hour. 
(g)  Next the pieces  were laid for a  few  seconds on filter paper. 
(h)  Then they were  passed  once quickly through  cold  95  per  cent.  alcohol 
and then through four changes of cold 95 per cent. alcohol,  I5 minutes in each. 
(i)  Thereupon the pieces  were carried into absolute alcohol still kept in the 
ice  chest.  Altogether  they  were  left  in  absolute  alcohol  for  one  hour,  with 
three  changes.  The last change of  absolute alcohol was  at  room temperature. 
(])  The tissue was placed in xylol.  The clearing of the objects took about 
half  an hour. 
(k)  Finally the  specimens  were  put  into  paraffin  in  vacuo for  one  hour, 
embedded,  cut  into  sections  varying from  15  to  80  microns in  thickness,  and 
mounted in Canada balsam. 
As  is  usual with  methylene-blue, the  method  was  not uniformly successful 
either  in  different  specimens  or  in  different  parts  of  the  same  specimen. 
Occasionally the  sections were  counterstained with alum-carmine.  Neither  the 
methods of Cajal nor Golgi were attempted. 
After  staining with  methylene-blue, even  without  counterstain- 
ing, the sino-auricular node is recognized by its location immediately 
under the epicardium, by the syncytial network which characterizes 
its musculature, the  finer size  of  the individual muscle fibers,  their 
vacuolated appearance, and finally by the indistinctness of their cross 
striations  (figures  I  and  2).  We  have been  especially careful  to 
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within  the  limits  of the  node  have  been  in  the  midst  of the  nodal 
musculature as just defined and not in the subepicardium.  The fine 
fibrils  with  their  varicosities  were  distinguished  from  connective 
and  elastic tissue fibrils and  also  from delicate capillaries. 
The hearts  used in this  investigation  have been those of the pig, 
sheep, calf and bullock, dog, and to a  less extent,  the heart of man. 
The  nerve  elements  studied in  these  hearts  were :(I)  nerve  fibers; 
(2)  nerve fibrils associated with the Keith-Flack nodal musculature; 
(3)  nerve fibrils associated with blood-vessels;  (4)  ganglionic cells; 
(5)  nerve fibrils associated with the ordinary auricular myocardium 
immediately  surrounding  the  sino-auricular  node. 
The  subepicardial  nerves  were  found  to  send  branches  into  the 
interstices  of the nodal musculature  in the hearts  of man,  dog, and 
of the hoofed animals  investigated.  In the pig,  sheep, bullock, and 
calf,  we  found  a  plexus  of nerve  fibrils  in the  sino-auricular  node 
such  as  Wilson  described  for  the  auriculo-ventricular  system  (fig- 
ures  I,  2,  and  3)-  Fine  neurofibrils  with  varicosities  were  seen 
intimately interwoven with the specialized musculature of the Keith- 
Flack  node,  and  were  also  seen  surrounding  the  special  nutrient 
artery of the  node.  Such fibrils  were identical  in appearance  with 
those which  ran  lengthwise  throughout  the  nerve  fibers in more or 
less  parallel  wavy  lines.  Here,  as  described  by  Wilson  for  the 
auriculo-ventricular  system,  what  we  observed  was  not  a  single 
nerve  fiber breaking  up and  surrounding  a  single  muscle fiber, but 
a  complicated  network  surrounding  alike  single  muscle  fibers  and 
groups  of  fibers.  We  have  seen  no  undoubted  nerve  endings  on 
the  individual  muscle  fibers,  at  least  nothing  so  definite  as  the 
brush-like  nerve terminations  which  we found about  the  subepicar- 
dial ganglionic cells in the sheep, steer, and dog.  In figure 3,  from 
the  sino-auricular  node  of  a  bullock,  a  coarser,  long,  moniliform 
fibril is apparently breaking up into finer varicose branches which as 
usual are closely applied to the n'odal muscle fibers.  A  plexus of fine 
nerve  fibrils  was  found  in  the  wall  of  the  nutrient  artery  of  the 
node  similar  to  that  surrounding  its  muscle  fibers,  not  only  in  the 
pig,  sheep,  and  calf,  but  also  in  the  dog.  If  we  accept  the  dis- 
tinction made by Dogiel  (17),  these fibers in the wall of the artery 
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plexiform  in  arrangement,  whereas  the  sensory  fibrils  supplying 
vessel  walls  are  described as  coarser in  structure  and  arborescent 
in arrangement. 
In the pig's heart there occurred in addition to these nerve fibrils 
a  mnltipolar ganglionic cell,  and  mention is  made by Lewis  (i8) 
of ganglion  cells  (stained  with  Van  Gieson's  solution)  embedded 
within the node of the pig in a  section presented to him by Dr.  Ivy 
Mackenzie.  However,  although  our  sections  stained  with  cresyl 
violet showed numerous subepicardial ganglion cells in the pig and 
dog with striking clearness, they did not demonstrate any ganglion 
cells  within  the  node.  In  the  sino-auricular  node  of  the  human 
heart only an occasional intranodal ganglion cell was seen in sections 
stained with Van Gieson's picric acid  fuchsin.  In brief,  then,  the 
fact that  we found so  few ganglionic  cells in  the node of human 
and pig hearts, and none whatever in the hearts of sheep, bullock, 
and  dog,  may perhaps  be ascribed to  a  lack of ganglion cells and 
not to the technique employed, as  we  encountered no  difficulty in 
demonstrating the subepicardial ganglia in all  our  sections. 
This paucity is in striking contrast to the wealth of ganglion cells 
as  described by Wilson  and by Engel  for the  auriculo-ventricutar 
bundle. 
Wilson and Elagel evidently found it more difficult to demonstrate 
the neurofibrils in  the auriculo-ventricular system in  dog and man 
than in the ungulates.  We  encountered a  similar difficulty in  the 
sino-auricular  node.  Our  failure  to  discover  neurofibrils  in  the 
sino-auricular node in man may be accounted for. by our  inability 
to secure fresh human material, but in the dog we had fresh hearts 
and yet were successful in demonstrating only vasomotor fibers and 
not an intermuscular plexus  of.  fibrils. 
It is not intended to assert or deny in the  foregoing description 
that the nervous structures in the sino-auricular node have a  func- 
tion independent of that of ,the plexus supplying the ordinary auric- 
ular  myocardium.  Indeed,  histologically we  could  find no  differ- 
ence in structure between the two, as evidence of a  possible differ- 
ence in function; but at times  (perhaps owing to the capriciousness 
of  methylene-blue)  we  noticed  that  the  nervous  plexus  in  the 
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myocardium was  little or  not  at  all  stained.  And  this  latter  ob- 
servation  corresponds  with  a  distinction  observed by  De  Witt  in 
regard  to  the  nerve  supply  of  the  auriculo-ventricular system  as 
compared with  that  of  its  environment.  It  may well be  that  the 
neurofibrillar plexus represents the distribution of the extracardiac 
nerves, vagus and sympathetic, to the sino-auricular node, and does 
not  differ in  the character of its  function  from the plexus  of the 
surrounding auricular musculature. 
SUM MARY, 
Aside  from the nerve fibers  which enter  the pace-making node 
from the subepieardium, there were observed within the limits of the 
node a  few ganglionic cells and a plexus of moniliform nerve fibrils 
in  very close relation to  its  muscle fibers,  hence the sino-auricular 
node, like the auriculo-ventricular, may be  considered from a  his- 
tological standpoint a  neuromuscular organ, 
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x While the present paper was in press, an article "On the Innervation of the 
Sino-Auricular Node  (Keith  and  Flack)  and  the  Aurieulo-Ventricular Bundle 
(Kent and His)" by Alexander Morison appeared in the lour. Anat. and Physiol., 
1912, xlvi, 319.  Unfortunately it appeared  too late for  us to  consider Morison's 
findings in our  text,  but it  may be  said  that  in the  main his  results  and  ours 
coincide. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVI.  PLATE  65. 
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FIG. I.  Plexus of varicose nerve.fibrils  in close  relation to the characteristic 
muscle fibers  of the sino-auricular node of the pig.  A  multipolar ganglion  cell 
is shown at the left  hand margin of the plate.  Stained with methylene-blue  and 
alum-carmine. 
P~z  66. 
FIG. 2.  Plexus  of  moniliform  nerve  fibrils in  close relation to  the  sino- 
auricular musculature of the bullock.  Stained  with methylene-blue. 
P~TZ~ 
Fit;. 3.  A  coarse varicose neurofibrll in the sino-auricular node of the bul- 
lock, apparently breakiltg up into  finer  moniliform fibrils  in close relation to the 
nodal muscle fibers. 